Pelagic sharks (blue shark Prionace glauca and shortfin mako Isurus oxyrinchus) caught by 17 long-line fleets in the NE Atlantic were analysed for total mercury (Hg). Hg concentration in 18 muscle increased with size and weight in both species, but at a higher rate in shortfin mako. 19 Spatial variation was observed only in the blue shark with higher Hg values in the North of the 20 Azorean archipelago. These high-level predators are particularly susceptible to bioaccumulate 21 Hg. However, a significant positive relationship between Hg concentration and trophic level 22 (δ 15 N) of individuals was observed only in the shortfin mako. Most sharks landed were juveniles 23 which presented Hg concentration lower than the maximum limit allowed by the European 24 Union for marketing. However, concentrations above this threshold were most recorded in blue 25 sharks larger than 250 cm total length and in shortfin makos larger than 190 cm, raising the 26 question of the commercialization of large-sized individuals. Abstract 32 33 Pelagic sharks (blue shark Prionace glauca and shortfin mako Isurus oxyrinchus) caught by 34 long-line Spanish and Portuguese fleets in the NE Atlantic, were sampled at Vigo fish market 35 (Spain) for total mercury (Hg) analysis. Hg concentration in white muscle increased with size 36
Introduction

53
Long-line Spanish and Portuguese fleets which exploit offshore north-eastern Atlantic waters 54 target pelagic sharks, particularly the blue shark Prionace glauca (Linnaeus, 1758) and the 5 Total Hg concentrations were determined with a semi-automated atomic absorption 125 spectrophotometer AMA 254 (Altec Ltd, Prague, Czech Republic) with a detection limit of 0.003 126 ng/mg, following the procedure described in Cossa et al. (2009) . Hg quantification procedure 127 consisted in three automatic sequences: (1) ashing at 550°C of the freeze-dried sample for Hg Quantification of Hg concentrations in sharks' diet: The diets of the blue shark and shortfin 148 mako in the sampling area have been previously studied (Biton-Porsmoguer et al., 2013 , 2015 . 149 The blue shark mainly fed on cephalopods, then teleost fish and rarely cetaceans, while the 150 shortfin mako mainly preyed on teleost fish, then cephalopods, and occasionally cetaceans and concentration and trophic level of sharks and their diet, using the following equation:
Where C shark(i) is the Hg concentration in the shark species (i), C diet(i) is the Hg concentration in 170 the diet of the (i) shark species, δ 15 N shark(i) is the trophic level of the (i) shark species, and 171 δ 15 N diet(i) is the trophic level of the diet of the (i) shark species. This factor is based on the 172 assumption that mercury concentration in a predator depends on those of its prey, corrected for 173 trophic level difference between predator and prey. We replace the trophic level estimation used significantly higher in the shortfin mako than in the blue shark (t-tests, t = -2.213, p = 0.029 and t 195 = -2.848, p = 0.006 respectively) ( 
Geographical and temporal variations 207
In blue sharks of similar size, significantly higher mean Hg concentrations (x1.6) were 208 recorded in individuals collected in zone A, than in zone B, D and F, in which blue shark had 209 similar lower concentrations (ANCOVA F = 3.46, p = 0.026) and weight (ANCOVA F = 3.37, p 210 = 0.029). Pearson's linear correlations between log Hg and size presented similar slopes in all 211 zones, but a higher intercept value in zone A ( Fig. 3 ), suggesting the influence of environmental 212 differences between zone A in the North of the Azores archipelago and the other zones, rather 213 than a biological difference between individuals. In contrast, no difference of Hg level among 214 zones was observed for the shortfin mako, taken into account differences in size or weight of 215 individuals in the different zones (ANCOVA, F = 2.46, p = 0.086 for size; F = 1.49, p = 0.242 216 for weight). In both species and all zones combined, Hg concentration in muscle did not The biomagnification factor BMF takes only into account the last trophic level of the food web 223 analyzed (the predator and its prey). Hg level and δ 15 N of the main prey ingested by these two 224 sharks displayed highly variable inter-and intraspecific values ( Table 3 ). The lowest mean Hg 225 concentrations were recorded in pelagic teleost prey fish, such as Scomber sp. (0.02 mg kg -1 ww) 226 and Scomberesox saurus (0.08 mg kg -1 ww), and the highest ones in some cephalopods (Illex sp., preyed mainly on teleost fish (66% by weight), cephalopods (27%), cetaceans (0.05%) and sea 235 turtles (0.03%). When growing, the blue shark consumed less cephalopods and more teleosts and 236 cetaceans, while the shortfin mako ingest less teleosts and more cetaceans and chelonians. Mean
237
Hg concentration and δ 15 N in diet was higher for the blue shark than for shortfin mako, globally 238 and in most size classes (Table 4 ), while the reverse was observed in shark muscle with generally 239 higher Hg level in shortfin mako muscle than in blue shark muscle. Mean BMF value was low 240 (<1) in the blue shark, but higher than 1 in the shortfin mako ( shark and for 12 individuals over 150 cm TL in the shortfin mako (Fig 4 and 5) . We defined (i) a 257 size range of potential risk for consumers with individuals between 200-250 cm TL for the blue 258 shark (Fig 4) , and 150-190 cm TL for shortfin mako (Fig 5) , as such highly contaminated sharks 259 were present but not numerous in this size range, and (ii) a size at risk (250 cm TL for the blue 260 shark and 190 cm TL for the shortfin mako) above which most individuals presented higher Hg 261 level than the allowed EU limit. level predators like sharks (Storelli et al., 2001 (Storelli et al., , 2002 Branco et al., 2004 Branco et al., , 2007 Torres et al., 273 2017) and cetaceans (André et al., 1991 being more contaminated and positioned at a higher trophic level than sharks (Table 3) . Hg 281 concentration and δ 15 N in diet did not increase with shark size (Table 4) . Thus, the hypothesis of 282 an increase in Hg uptake when sharks were growing linked to an increase in Hg content of diet 283 was not supported by our study. Larger sharks did not always seem to feed at a higher more , 2013, 2015) .
300
A higher increase in Hg content with size was observed in the shortfin mako compared with 301 blue shark (Fig. 2 ), suggesting different bioaccumulation processes between the two species . Shortfin makos were heavier than blue sharks at the same size, invalidating the possibility 307 of a dilution of Hg by growth in the blue shark to explain its lower Hg content. Higher Hg 308 content of diet in shortfin mako was also not supported by our results (Table 4 ). Thus, the higher 309 Hg concentration observed in the shortfin mako could not be attributed to an older age, a slower 310 growth rate or a higher Hg content of its prey. Differences in metabolic activity and feeding rate 311 could explain the higher Hg uptake with size observed in shortfin mako compared to blue shark.
312
Shortfin mako belongs to the warm-bodied Lamnidae which present an elevated aerobic 313 metabolism compared to their ectothermic relatives like the blue shark which belongs to the 314 Carcharhinidae (Shadwick and Goldbogen, 2012). The shortfin mako can maintain higher 315 musculature, brain, eyes and viscera temperatures than the surrounding water (1 to 10°C higher 316 than ambient temperature) (Carey, 1982) . Therefore, it needs to eat more frequently than the blue 317 shark and accumulates more mercury due to an increased feeding rate. shark with size was similar in all zones (Fig. 3) . Higher Hg concentrations in the north of Azores 335 could not be attributed to gender, as no difference with sex was observed. In mid-Atlantic (south 336 of the Azores), Torres et al. (2017) record lower Hg concentrations in the blue shark than we did 337 for individuals of similar size range in the same area (0.33 ± 0.02 and 0.41 ± 0.02 respectively).
338
The higher intercept value of the linear regression for specimens from the north of the Azores 339 suggested rather the influence of environmental conditions with probably higher Hg 340 concentrations in sea water and prey in this zone, but no difference in metabolism, feeding rate 341 or prey types between populations. The Azores archipelago is a volcanic region with naturally 342 high mercury level in sea water and sediment (Guest et al., 1999) Mercury, under its organic monomethylmercury form, is one of the few trace metals that 357 biomagnifies along food webs (Gray, 2002) . Biomagnification is assumed when BMF factor 358 (concentration in predator/concentration in diet corrected from their respective trophic level) is 359 higher than 1 (Fisk et al., 2001 ). Biomagnification of Hg was observed only in the shortfin mako, 360 not in the blue shark (Table 4 ). These two sharks consumed prey with a great variability in both 361 Hg concentration and δ 15 N value (Table 3) . For the blue shark, Hg content in diet was higher 362 than in shark muscle for all size classes, leading up to a BMF always <1, while slightly 363 increasing with size. For the shortfin mako, higher Hg content in shark muscle compared with 364 diet and BMF values >1 were observed from individuals larger than 130 cm, and more 365 significantly larger than 200 cm. However, BMF calculation should be considered cautiously.
366
First, the reduced number of prey analysed in this study is not sufficient to characterize the 367 global diet of the two species and a broader study should be conducted to conclude. Second, the 368 same mean Hg and δ 15 N values of prey groups were used for all size-classes of both sharks. The mean values of mercury level in the muscle of blue shark and shortfin mako analyzed in 384 this study were lower than the upper limit allowed by the European Union in high-level pelagic 385 predators for human consumption (1 mg kg -1 ww) (Table 2) , as also observed by Torres et al.
386
(2017) for these species. However, Hg concentration exceeded the legal EU standard in larger 387 individuals ( Fig. 4 and 5) . Above 250 cm TL in P. glauca and 190 cm TL in I. oxyrinchus most,
388
if not all, individuals exhibited Hg content well above the EU sanitary risk limit, representing a 389 size at risk for the consumption of these species. Measuring mercury concentration above 390
European and international regulatory thresholds in shark muscle is regularly reported in the 391 literature, whatever the ecology, geographic distribution or feeding habits of species (Storelli et 392 al., 2002; Branco et al., 2004 Branco et al., , 2007 Pethybridge et al., 2010; Escobar-Sánchez et al., 2011 
